In this paper we provide new evidence of the transmission mechanism of monetary policy in Dominican Republic using a Structural Vector Autoregressive methodology where we incorporate carefully a set of constraints on contemporary relationships composed of domestic and external variables. Using the model, we estimate the responses of CPI inflation and GDP growth, as well as money demand and the real exchange rate, to exogenous movements in monetary policy. In quantitative terms, an innovation of monetary policy has an effect on growth from the second month and runs for one year. In the case of inflation, the effects begin to be observed from the fifth month after the monetary shock occurred, with an average duration of two years. These responses are in line with economic theory in qualitative terms, and we do not observe the existence of any of the economic puzzles.
I. Introduction
In January 1st 2012, the Central Bank of the Dominican Republic (CBDR) formally started to operate under an Inflation Targeting Regime (IT). The operation framework of IT is based on inflation expectations; therefore one of the prime criteria is the understanding of transmission mechanism of monetary policy. Particularly, the quantification of the effects the monetary policy has over output and prices related to magnitudes and duration of shocks.
Monetary transmission mechanism in the Dominican Republic have been analyzed through different perspectives, taking into account the monetary policy regime currently working by the time of the analysis. The results of all previous studies show a high dispersion and heterogeneity in concluding how the monetary policy works (Fuentes 2006 ). All these heterogeneity in the results, gives a light to researchers about the problem of identifying nonsystematic exogenous movements of the monetary policy instruments, in order to formulate a solid conclusion. For the Dominican case, this identification problem lies not only in the high debated aspects in economic literature, but due to empirical problems related to short samples and structural changes of macroeconomic time's series, making harder the replications and comparability of results from different studies.
In these sense, the goal of this paper is to empirically study the effects of monetary policy over output, prices, real exchange rate and money aggregates of Dominican Republic in order to summarize the timing and magnitude of transmission of policy shocks to economic variables.
We identify monetary policy shocks measured as deviations of the interbank rate taking into account the information the Central Bank has contemporaneously by using a Structural Vector Autoregressive (S-VAR), composed with domestic variables (output, prices, monetary aggregates, interest rate and real exchange rate) and external variables (average commodities prices and an indicator of sovereign risk). The identification approach is realized through the imposition of restrictions over the variables that monetary policy cannot observe and react contemporaneously. With the specification and estimation of the model, we evaluate the quantitative effects a monetary policy shock has on inflation, GDP growth, money demand and real exchange rate.
Results suggest that monetary innovations influence output growth from the fourth month with an average length of one year and a half. Inflation responds in the second month, with a length of two years on average. Finally, monetary policy shocks explain around 10 percent of output variance of forecast error in a two years horizon.
The paper is organized as follows: section II summarize the literature review and a revision of the empirical papers in the Dominican Republic dealing with the monetary policy transmission mechanism. Section III explains how the monetary policy works in the Dominican Republic and its evolution in the last two decades. Section IV elaborates the empirical methodology used in the identification of the monetary shocks, section V a description of the data used; section VI the results, and by last, section VII summarizes the concluding remarks.
II. The effects of monetary policy on output and prices
Monetary effects over real activity and prices are one of the most debated topics in macroeconomic empirical literature. Sims (1992) explains that the size and nature of the effects of monetary policy on aggregate activity are not clear and quantifying these effects could be hard and fuzzy. Bernanke and Blinder (1992) also address the same question: Can monetary policy affect the real economic activity in the economy? And if so, which are the transmission mechanism in which monetary policy operates?
In general, theory says that in short run there are restrictions and distortions that inhibit the price system to adjust to shocks that impact the economy, in particular, monetary policy innovations. The Persistence of these rigidities results in adjustments in the real dimension of the economy to nominal shocks. These mechanisms depend in the structure of the economy, expectations formation and the currently monetary policy regime.
2.a) Transmission mechanisms of monetary policy
There are several transmission mechanisms documented in literature through which monetary policy operates and influence the economy. Mishkin (1995) identifies at least 4 mechanisms 1 :
I. Interest Rate Channel:
Additionally, economic literature recognizes the existence of a fifth channel: the expectations channel in which monetary policy actions affect the expectations of economic agents related to inflation and output.
A contraction in monetary policy (M ↓) given the rigidity in inflation response, leads to an increase of the real interest rates (i ↑), resulting in an increase in the cost of capital, causing a decrease in investment (I ↓), decreasing the aggregate demand and leading to a fall in output (Y↓).
2. Exchange Rate Channel:
A contraction in monetary policy (M ↓) leads to an increase of the real interest rates (i ↑), resulting in an appreciation of the exchange rate (E ↓), causing a decrease of net exports (NX ↓) due to an increase of the relative prices of the domestics goods, decreasing the output (Y↓).
Asset Prices Channel
An increase of the interests rates associated with a money contraction, makes the bonds more attractive compared to stocks, therefore the price of stocks fall (P e ↓), causing Tobin's q 2 to decrease and at the same time causing investment to fall (I↓), leading to a fall in output (Y↓).
Another mechanism, in relationship to the asset price channel is explained by the life-cycle hypothesis of Modigliani (1971) . In this theory, consumption is determined by the life recourses of consumers, explained by human capital, real capital and financial wealth, where the mayor component of financial wealth is determined by stocks; therefore, when the price of stocks fall (P e ↓), there is a decrease in consumer's wealth (w↓), causing a decrease in consumption (c↓) and therefore producing a fall in output (Y ↓).
Credit Channel
This channel has two ways of operating. Firstly, it operates through bank lending channel and in secondly by the balance sheet channel. In relation with bank lending channel, a monetary contraction increases the marginal cost of offering loans, therefore reducing reserves and bank deposits, that is, the quantity of available recourses to lend to the public, causing in a decrease of investment in durable goods and consumption, decreasing output by last.
M ↓ ⇒ reserves and bank deposits ↓ ⇒ bank loans
In the other hand, the balance sheet channel emphasizes the effect of monetary policy on the price of financial assets and in consequence, the value of net wealth of firms, therefore, a contractive monetary policy increases financial vulnerability of firms and economic agents, reducing investment, consumption in durable goods and house expenditures.
b) Empirical Evidence of Monetary Policy Transmission Mechanism
Quantifying Monetary Policy Transmission Mechanism is a hard subject. In the economic literature results may contradict the conventional economic theory. Researchers have identified three recurrent empirical puzzles at the time of studying monetary transmission mechanism: the liquidity puzzle, the price puzzle and by last, the exchange rate puzzle. The liquidity puzzle: positives innovations in the money aggregates lead to an increase in the domestic interest rates, instead of a decrease as economic theory establishes (we would expect interest rates to decrease when the stance of monetary policy is loose). The price puzzle: an increase in the interest rate is associated with an increase in the price level (instead of a decrease of price level) and by last, the exchange rate puzzle: an increase of the interest rate causes an exchange rate depreciation (rather than an exchange rate appreciation that would be expected as a result of increasing the interest rate). As noticed, all the puzzles mentioned above contradict conventional economic theory.
In this regard, Kim (1999) explains that when monetary policy shocks are identified using a measure of monetary aggregates a liquidity puzzle arises, a phenomenon related to a monetary contraction.
Also, much of the research suffers from the liquidity puzzle. Sims (1992) Through this mechanism, the CBDR adjusts the interest rate in respond to deviations of projected inflation expectations, consistent misalignments of some output gap measure and of the real exchange rate. The adjustment of the monetary policy rate spread throughout the structure of market rates, affecting the targets via the different transmission mechanism of monetary policy described in section II.
IV. Empirical framework and model identification
In order to quantify the effects of monetary policy on prices and output we need the implementation of an empirical methodology in which data "speak by itself", trying not to impose a structure or restriction suggested by an a priori economic theory.
In the empirical literature related to this topic the dominant strategy consists in estimating a
Structural Vector Autoregressive (S-VAR) model, were researches estimate the joint distribution of the data, in order to get the residuals in a reduced form, which contents the contemporaneous relationships of interests. This paper uses this methodology.
Variables selection depends of the objectives of the analysis. In this case, our interest is monetary policy and its relationship with prices and real economic activity; therefore we incorporate output (Y), prices (P) and the monetary policy instrument (R). Similarly, as the Dominican Republic is an open economy, we incorporate the real exchange rate (TCR).
As mentioned in section II, empirical literature identifies incongruences (puzzles) among the quantitative response according to economic theory and the observed responses. The solution to these puzzles requires the incorporation of other variables to the system as controls. The liquidity puzzle requires the incorporation of a short run interest rate and some monetary aggregate to identify the money market. According to Sims (1992) , the price puzzles arises as a respond of monetary policy to future price pressures, which inferred from information available at high frequency. Thus, information about imported inflation pressures and external economic conditions is incorporated.
Considering the information above, our VAR is composed of three blocks: domestic variables, (Y, P, M and TCR), external variables (P*, ρ*) and by last, the policy block (R). Therefore:
Where X represents the VAR endogenous variable vector, is the output growth, is the domestic inflation rate, M is the growth of some money aggregate, is the real exchange rate, is the commodities inflation rate, is the foreign inflation rate and is the monetary policy interest rate.
The structural model consistent with a given structural specification given by the theory that defines the relationships between the variables is given by: Output only reacts contemporaneously to oil prices (supply shocks) and innovations of itself.
Other variables are zero because we assume that inflation, country risk, monetary aggregates, the interbank interest rate and the real exchange rate does not contemporaneously affect real economic activity.
Similarly, inflation is affected only by the commodity prices and the output level. That is, a rise in commodity prices puts pressure in the tradable component of inflation, leading to an increase of domestic inflation. Also, increases in aggregate demand generate inflationary pressures. It is assumed that the pass-through of real exchange rate has no contemporaneous effect on inflation. In the case of country risk, it is assumed that it only reacts to the world price of oil and innovations in itself.
An important key fact is the contemporary information available to the central bank when setting the policy rate. According to the model, the variables that the central bank can observe simultaneously are the price of commodities and country risk, given that both variables are calculated daily on the international market. Other variables (economic activity, inflation, monetary aggregates and real exchange rate) are not available at one time, due to the lag of information 6 ; therefore they take the value of zero. Also, the demand for money depends on real income, inflation and interest rates. Finally, this specification assumes that the real exchange rate reacts contemporaneously to all variables.
V. Data
In order to estimate the structural VAR, we use monthly data from January 2006 to August 2013. The variables included are the growth rate of the Commodity Price Index, the country's sovereign risk 7 , the growth rate of Monthly Index of Economic Activity (IMAE by its acronym in Spanish) 8 , the year over year inflation rate measured by the Consumer Price Index (CPI), the Interbank interest rate as a proxy for the stance of monetary policy, the growth rate of a 6 Generally speaking, information related to these variables is available after one month. 7 As a proxy for country risk the we use the Emerging Bond Market Index, (EMBI) defined as the difference (spread) between the interest rate paid by bonds denominated in dollars that developing countries issued and U.S. treasury bonds issued considered free from risk. The higher the EMBI, the greater the likelihood that the country in concerned, fails to fulfill its debt obligations. 8 , The IMAE (by its acronym in Spanish), is used as a proxy for real economic activity in the economy. It is computed monthly by the Central Bank of Dominican Republic. Also, the commodity prices, IMAE, consumer price index, monetary aggregate M1, and the real exchange rate, have a seasonal component, so these were seasonally adjusted using the methodology of X12002E CENSUS. During the estimation period the interbank interest rate, through which monetary shocks are identified, shows a negative trend. This deterministic trend is removed prior to estimating the vector autoregressive.
In the appendix we present the unit root tests Dickey-Fuller (ADF), together with Phillips-Perron 
VI. Results
Once the VAR is estimated, we proceed to estimate the structural VAR, considering the Inflation start to decrease from the fourth month, but this fall is statistically significant from first year, with a maximum decrease of 44 basis points in the thirteenth month, with a persistence of one year and a half.
Real exchange rate responds with a negative impact until the third month (appreciation). After this, it starts to depreciate until it comes back to its equilibrium path. However, it is worth mentioning that this result is not statistically significant. 
VII. Concluding remarks
This paper aims to quantify and identify the transmission mechanism of monetary policy in the Dominican Republic. We estimated the responses of GDP growth, inflation, money demand and the real exchange rate to exogenous movements in monetary policy using a Structural Vector
Autoregressive approach (S-VAR) where we incorporate a set of constraints on contemporary relationships composed of domestic and external variables.
Responses of GDP growth, inflation, money demand and the real exchange rate, are in line with economic theory in qualitative terms, and we do not observe the existence of any of the economic puzzles mentioned before. In quantitative terms, an innovation of monetary policy has an effect on growth from the second month and runs for one year. In the case of inflation, the effects begin to be observed from the fifth month after the monetary shock occurred, with an average span of two years.
In terms of the relevance of these results, comparison with observations both in open economies (advanced and emerging) is consistent in terms of the response of inflation.
However, the maximum effect of the monetary shock on GDP growth occurs in the eighth month, when the average of maximum effects in other studies reported maximum effects from six to eighteen months. 
